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NSF CAREER Awardee uses
plants as an inspiration for
designing composite materials
2021

Inside: SDSU Poll captures pulse of South Dakota electorate

“Exploration is the engine
that drives innovation. Innovation
drives economic growth.”
- Edith Widder, co-founder of the Ocean Research and Conservation Association
The goal we strive for at South Dakota State University is to drive economic development
through the expertise and inventions of faculty researchers at this land-grant institution.
As the state’s largest university, our research enterprise, which encompasses everything
from agriculture and engineering to nursing and the humanities, impacts the lives and
livelihoods of South Dakotans. In this issue, each researcher featured has received
seed funding through the Research, Scholarship and Creative Activities Challenge Grant
program, but most have also secured larger national funding to support their research.

Daniel Scholl

Assistant professor Anamika Prasad is the first mechanical engineering faculty member
to receive the prestigious National Science Foundation CAREER award. She is using
plants, such as sunflowers and soybeans, as inspiration to design next-generation
composite materials.
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In other NSF-funded research, assistant professor Yue Zhou, who received the Jerome
J. Lohr College of Engineering Young Investigator Award, is determining how a new
material helps increase the stability, as well as the storage capacity, of lithium-ion
batteries. This basic science research will provide guidelines for using lithium metal to
develop next-generation batteries to power electric cars and store renewable energy.
Assistant nursing professors Sarah Mollman and Brandon Varilek are adapting a
supportive palliative care intervention program, known as Project ENABLE, to meet the
needs of cancer patients in west central South Dakota. They are the first researchers to
receive a Hillman Serious Illness and End-of-Life Emergent Innovation grant, along with
the RSCA funding, to accomplish their goals.
Professor Hemachand Tummala secured a National Institutes of Health grant to do
preclinical testing of a localized treatment to reduce colon inflammation. He has been
working on developing formulations that unleash the anti-inflammatory power of
curcumin—a component in turmeric, the yellow spice used in curry—for nearly a decade.
The final section of this publication focuses on the future. Now that the Raven Precision
Agriculture Center has opened, we are building on that momentum to shape agriculture
through the application of precision technologies to crop and livestock production
as well as conservation practices. To that end, the College of Agriculture, Food and
Environmental Sciences has launched initiatives to refine precision ag data into decisionmaking tools for producers to manage water and ensure the security of that data.
Furthermore, by summer 2023, scientists from South Dakota State and South
Dakota Mines will work with industry partners to scale-up promising bioprocessing
technologies at the POET Bioproducts Institute. The laboratory, which was made
possible through $20 million in legislative funding and over $9 million in private
funding, will help diversify the South Dakota economy by adding value to agricultural
products and training the workforce to help industry partners expand their operations.
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ABOUT THE
COVER
Assistant professor Anamika
Prasad, the first Department
of Mechanical Engineering
faculty member to receive the
prestigious National Science
Foundation CAREER award,
is using fast-growing plants,
such as sunflowers and
soybeans, as an inspiration
for designing and developing
flexible composite materials.
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Prasad ﬁrst ME faculty member
to receive NSF CAREER Award

Anamika Prasad

Assistant professor Anamika
Prasad is making history—
she is the first Department
of Mechanical Engineering
faculty member to receive the
prestigious National Science
Foundation CAREER award. The
five-year, $531,740 grant will
support basic science research
using plants as an inspiration for
designing and developing flexible
composite materials.

“This award is a strong validation of the ideas I developed at SDSU
where I identified an exciting opportunity to apply my fundamental
engineering knowledge toward promoting the region’s biobased
economy and workforce,” said Prasad. Her materials research lab
applies engineering tools to study a range of materials from plants
and bones to metallic alloys and emerging material systems.
Before coming to SDSU in 2016, Prasad’s research focused on the
structure and mechanics of bone and cardiovascular tissue and
related biomedical devices in collaboration with medical doctors.
To develop research relevant to South Dakota’s agriculture-based
economy and to SDSU’s land-grant mission, the materials scientist
began exploring fast-growing plants, such as sunflowers, from an
engineering perspective.
“Translating knowledge from the human cardiovascular system
to water conductive tissue in plants and from bone to plant stem
structures has been an exhilarating process,” said Prasad, who
earned her Ph.D. in material science and engineering from the
Massachusetts Institute of Technology and did postdoctoral research
in bioengineering at Stanford University.

Assistant professor Anamika Prasad is the first Department of Mechanical
Engineering faculty member to receive the prestigious National Science
Foundation CAREER award, which supports innovative research by earlycareer faculty. Through the five-year, $531,740 grant, Prasad will use plants as
an inspiration for designing and developing flexible composite materials.
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Recognizing innovative research
“On a professional front, receiving the CAREER award opens a whole
set of opportunities for my lab and students and for my department
and college,” Prasad said.
Mechanical engineering department head Yucheng Liu, the
Duane Sander Endowed Professor in Engineering Innovation and
Entrepreneurship, said, “This is a milestone for the department to
fulfill the commitment to fundamental research directed toward
transformative advances in materials science and insightful
knowledge in bioinspired composites.”
Associate dean for engineering research Rajesh Kavasseri said, “It’s
very heartening to see Dr. Prasad’s patient pursuit of bold research
earn national recognition. She has established a fundamentally
innovative research program in biomaterials and biocomposites that
is certain to spawn many more interesting discoveries and elevate the
research profile of our college.”

Developing bioinspired composites
For composite materials, balancing multiple—and many times
conflicting—requirements is one of the biggest challenges going
forward, Prasad said. “Traditional polymers (which are typically
used in everyday composites) while providing strength and
manufacturability are not sustainable long term—they end up as waste
and do not break down in the environment. We need to figure out ways
to improve this by developing biobased materials that decompose
under certain conditions. At the same time, we need materials that can
address structural demands and environmental stability.”

Assistant professor Anamika Prasad, far right, attends a poster session at Wright-Patterson Air
Force Base. She and her AFRL collaborators, from left, research chemist Vikas Varshney and
research materials engineer Dhriti Nepal, mentored Wright State University mechanical engineering
student Timothy Steimle, who did finite element analysis modeling of MXene composite films.

“Flexibility is an important component for many new applications,”
Prasad continued. “We want bulletproof armor, for instance,
that is thin but is also light, flexible and ideally has sensing
capabilities. Plants are flexible yet strong enough to survive
winds and can sense environmental stressors, such as drought
and frost. Furthermore, plants have the amazing capability
to adapt to such stressors by signaling cells to modify their
structure and growth.”
Through the CAREER award, Prasad and two graduate
students will analyze sunflowers and soybeans to gain a better
understanding about the different types of materials in the plant
cell walls and how those materials interact to provide desirable
properties through different growth stages.
“Learning how plants manage these capabilities and provide
these different types of functionality is knowledge we
can apply to designing composites for a whole range of
applications,” she concluded.

AFRL fellowship fuels composite materials research
Assistant professor Anamika Prasad of the Department of
Mechanical Engineering has been exploring a new class of twodimensional engineering materials through collaboration with the
materials research group at Wright-Patterson Air Force Base. The
work was made possible through two consecutive U.S. Air Force
Research Laboratory summer fellowships.
MXene—pronounced like the name Maxine—has unique property
combinations. It can be made into highly conductive and strong thin
films in layers of only a few atoms, similar to graphene. “This new
two-dimensional material has very high strength in a plane when
you pull it and is very conductive and heat resistant,” Prasad said.
“Because the compounds are not just a single element, we can play
around with them, functionalizing the surface layers for different
applications,” Prasad continued. However, pure MXene films have
a thin, flaky structure that makes it difficult to create a composite
combination that retains the unique properties while providing
structural durability.
“If you add polymer to MXenes to form composites, it provides
structural stability, but the composites may lose their main
functionality of conductivity. To make them useful, we must
find pathways of composite design that do not alter their unique
properties,” Prasad said.
In summer 2020, Prasad and the AFRL research teams analyzed
natural composites to understand how their unique design
features could be applied to MXenes. In 2021, she continued tasks
to develop simulations to model MXene-based composites and
surface interactions. Senior mechanical engineering major Jordan
VonSeggern of Elk Point joined her research group in fall 2021 to
continue developing the model through an AFRL-supported internship.
In addition, Prasad received a FY2022 SDSU Research, Scholarship
and Creative Activities Challenge Fund grant to begin developing
simulation tools to predict the properties of MXene-based
composites and bring machine learning capabilities into her
materials research. SDSU’s RSCA Challenge Fund helps faculty
generate preliminary data to increase their ability to compete for
external funding.
Prasad sees the potential of creating MXene-based composite
materials that can “sense the growth of plants or to see what
is flowing inside the xylem tissues.” Tough, flexible films made
using MXenes can be used to create biomedical sensors that
measure electrical conductivity as different nutrients flow through
plant tissues.
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NSF Project
analyzes new
material for nextgeneration batteries
Understanding how a
new material helps
increase the stability
as well as the storage
capacity of lithiumion batteries can help
researchers develop
high-performance
energy storage devices,
according to assistant
professor Yue Zhou of
the Department of Electrical
Engineering and Computer Science.
He is collaborating with researchers from the University of Texas at
Arlington to determine how lithium metal improves battery performance
through a three-year, nearly $450,000 National Science Foundation
grant. This fundamental scientific knowledge will provide guidelines for
researchers using this material to develop next-generation batteries to
power electric cars and store renewable energy.
Electric cars, for instance, now have a range of around 300 miles, but
Zhou said, “If we can develop high-performance storage devices that
are the same weight but can store more energy, we can get it up to
600 miles.” For his research to improve the performance of lithium-ion
batteries, Zhou received the Jerome J. Lohr College of Engineering’s
Young Investigator Award.
Using lithium metal in place of graphite as the anode material can
increase the battery’s energy storage capacity, but, over time, the lithium
foil tends to form needle like dendrites. These tiny metal particles can
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pierce the separator, causing a
short circuit, Zhou said. This can lead
to fires, similar to the ones that have occurred recently in electric cars.
“Dendrite growth on the electrodes and unstable solid-electrolyte
interphase formation have created safety concerns in lithium-ion
batteries and hindered practical applications,” Zhou said.
In previous South Dakota Board of Regents-funded research, Zhou
used plasma processing to apply an additional coating to protect the
lithium metal anode and thereby prevent dendrite formation. In addition,
he combined graphite and silicon oxide to make an ultrathin film that
prevents dendrite growth and enhances ion transport. This also creates
an artificial interfacial layer between the electrolyte and the lithium metal
electrode that increases stability and improves battery cell performance.
Those preliminary results helped Zhou secure the NSF grant, which is
funded jointly by the Division of Chemical, Bioengineering, Environmental
and Transport Systems and the Established Program to Stimulate
Competitive Research, or EPSCoR. As the lead institution, SDSU will
receive approximately $250,000 in NSF funding. One SDSU doctoral
student and several undergraduate students also work on the project.
“How the protective layer interacts with the electrochemical process of
the lithium metal anode is not well understood,” Zhou said. “We want
to understand the physical and chemical properties that lead to these
desirable properties.”
What the researchers learn will help improve the safety of electric
vehicles and advance efforts to develop devices that can store
renewable energy.

3D printing to
create electrodes
using biochar
composite
Finding new uses for biochar, a
porous, carbon-rich substance
made from crop residue,
may help create a high-value
agricultural product. That’s
what assistant professor Yue
Zhou will explore through a
one-year, $15,000 Research,
Scholarship and Creative
Activity Challenge Fund grant.
He was one of seven
researchers to receive FY2022
RSCA funding designed to help faculty generate preliminary data
to increase their competitiveness for external funding.
Yue Zhou

Zhou, whose research focuses on improving the performance of
energy storage devices, will determine whether biochar can be
integrated into a composite material to make battery electrodes.
One master’s student will work part time on the project.
Biochar is made using a process known as pyrolysis, which
converts agricultural residue or biomass into bio-oil. The
biomass is burned at a high temperature in a no or low-oxygen
environment. A charcoal-like substance, biochar is a byproduct
of this energy-intensive biofuels production process. Finding
high-value uses for biochar will help make biofuels production
more economically viable.
Zhou will use commercially available biochar derived from
cornstalks and a special 3D printer he and his research team built
from off-the-shelf parts. He plans to combine the biochar and
different metals with a polymer to form a biomass composite.
“We can use the 3D printer to give us different configurations
and compositions,” Zhou said. By adjusting the formulations, he
can optimize the structure and the composition of the electrodes.
“We can investigate the structure-properties relationship to make
full use of the biomass for this application.”
ABOVE: Doctoral student Jyotshna Pokharel of Kathmandu, Nepal, assembles
a lithium-ion battery in which lithium metal is used in place of graphite as the
anode material. The research is part of a three-year, nearly $450,000 National
Science Foundation project, led by assistant professor Yue Zhou of the
Department of Electrical Engineering and Computer Science, to determine how
lithium metal improves battery performance.

If the 3D-printed composite material shows promise, it may
be possible to use biochar to make electrodes for conventional
lithium batteries, lithium metal batteries and even
supercapacitors. “My expectation is to increase the economic
value of the biomass,” Zhou said.

LEFT: Doctoral student Wei He of Anhui, China, tests the performance of
lithium-ion batteries.
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SDSU Poll captures pulse of
The results of these two polls and a follow-up survey on older
workers in May are available in short articles on The SDSU Poll
research group’s webpages (https://www.sdstate.edu/schoolamerican-and-global-studies/sdsu-poll/press-releases).
In summer 2021, Wiltse and assistant professor Filip Viskupic, who
share the day-to-day SDSU Poll workload, received a one-year,
$15,000 grant through the SDSU Research, Scholarship and Creative
Activity Challenge Fund. Through the RSCA funding, the researchers
are conducting three polls—the first in August, a second last fall and
the third this spring.
David Wiltse

Filip Viskupic

Several political scientists in the School of American and Global
Studies are capturing the pulse of the South Dakota electorate
through The SDSU Poll. The public opinion polls not only provide
valuable information for the public and policymakers, but also yield
high-quality scholarly work.
“What spurred our interest in starting a research group were new
priorities within the college and the creation of the School of
American and Global Studies, in particular,” said associate professor
David Wiltse, who directs The SDSU Poll. “What we discovered is
there wasn’t a polling group permanently rooted in South Dakota
consistently taking the pulse of the South Dakota electorate. Our idea
is to do two to three polls per year, particularly in election years, that
serve both academic and public service interests.”
The inaugural poll in November 2020, which was supported by
department funding, examined attitudes about COVID-19 and
policies related to the pandemic. The second poll in April asked how
COVID-19 has affected South Dakotans’ daily lives and examined
which messenger is most effective at increasing vaccination rates.
That poll was supported by the School of American and Global
Studies, the College of Arts, Humanities and Social Sciences; and
the College of Pharmacy and Allied Health Professions.
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Daniel Scholl, vice president for research and economic development,
said, “This is an excellent example of SDSU researchers fulfilling the
university’s land-grant mission, using their skills to serve the public
interest while generating new knowledge.”

Developing polls
“The research question comes first and then we figure out how best
to go about answering that question,” Wiltse said. “We carefully
construct the survey to answer as many outstanding research
questions as we can.”
To do the polls, the researchers purchased a data file with the
addresses of every registered voter in South Dakota from the
Secretary of State. They randomly choose from that list and send
letters inviting voters to go to the Question Pro website and enter the
identification number listed in the letter to take the survey online.
“We are the only poll (in the state) that uses this particular method,”
said Wiltse, pointing out most polls are telephone surveys. “This
method is less expensive and gives us better response rates. More
importantly, it allows us to get longer format and deeper surveys
and to do more sophisticated experiments by randomizing questions
within the poll.”

South Dakota electorate
Wiltse continued, “We are using the same principle as in a laboratory
experiment, manipulating a single variable to see what effect it has
on the subject and then comparing the responses. People answer
similar questions changed ever so slightly to test how a particular
variable affects their responses.”
For instance, in the April poll, the same statement was attributed to a
politician, a religious leader and a scientist or health care practitioner
to see if the messenger made a difference—and it did. “What
surprised us was how politicized the medical messenger was,” Wiltse
said. The poll showed that religious leaders were the most effective
at encouraging South Dakotans to get their COVID-19 vaccinations.

Sharing findings
Though Wiltse said doing the first poll was exciting, he sees the
second poll, which gathered responses from 3,057 registered South
Dakota voters, as their best work. “We got really good data that can
help shape the public discussion,” Wiltse said.
“What we are doing with The SDSU poll is truly interdisciplinary,”
said Viskupic, who became a faculty member in 2019 after earning
his Ph.D. at the University of Georgia. He specializes in political
psychology and has a background in statistical analyses. “The
COVID-19 pandemic cuts across social, behavioral and
medical sciences. You can have the best vaccine in the
world, but if people are not willing to take it, it is not
very useful. That is where our research comes in.”

The SDSU Poll team has submitted manuscripts to political science,
public health, pharmacy science and general social science journals.
“In June and July, we submitted four manuscripts to journals and
completed a fifth by the end of August,” Wiltse said.
Their work has generated interest from state and even international
media. A reporter from Denmark’s leading newspaper did a feature
on The SDSU Poll and the researchers have discussed their results
multiple times on South Dakota Public Broadcasting’s In the Moment.
Other media coverage is listed on The SDSU Poll website.
“We can tell people are looking at our website,” Viskupic said,
citing more than 1,000 hits. However, Wiltse admits some people
question whether the researchers have their own political agenda.
“We get hate mail—and I answer all of them,” he said, pointing
out, “political science is the systematic study of people in political
environments. Once I write back saying ‘here’s what we are doing,’
people understand.”
The data these polls generate can provide insight to help solve
difficult problems, Viskupic said. “Our work is making an impact.”

To prepare the polls, Wiltse and Viskupic have
partnered with assistant professor Brittney
Meyer of pharmacy practice, assistant
professor of industrial/organizational
psychology Alper Kayaalp and associate
professor of sociology Abdallah Badahdah.
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Hillman grant to
bring palliative care to
rural, Native American
cancer patients
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Receiving supportive palliative care can help patients diagnosed with
advanced cancer and their caregivers, but these programs often do not
exist in rural South Dakota.
Two nursing researchers want to make palliative care more accessible
by adapting Project ENABLE, a palliative care intervention developed
and tested in rural New Hampshire, Vermont and Alabama, to meet the
needs of cancer patients in west central South Dakota. The research
project, which will be conducted in partnership with Avera Cancer
Institute in Pierre, seeks to ease the cancer burden, particularly among
Native Americans whose cancer mortality rates are more than 25%
higher than the white population in South Dakota, according to the
2016 South Dakota Cancer Registry.

Adapting intervention
During Project ENABLE, a coach will have six weekly sessions with
the patient followed by monthly check-in calls. The sessions address
topics such as symptom management, self-care and communication
as well as advance directives and advance care planning.
To adapt the intervention, the researchers will work with the Avera
Cancer Institute in Pierre to gather feedback from 12 patients, 12
caregivers and 12 health care professionals. What they learn will
help them decide whether the coach should be a nurse or a trained
layperson and whether the sessions should be in person, on the phone
or through telehealth. The feedback will also help them adjust the
session content.

Assistant professors Sarah Mollman and Brandon Varilek received a
“We are going to spend the first year listening,” Mollman said. The
two-year, $100,000 Hillman Serious Illness and End-of-Life Emergent
SDSU researchers are the first to adapt Project ENABLE to Native
Innovation grant to support the research project. They are the first
American
cultures. Pierre’s Avera Cancer Institute draws patients from
SDSU researchers to receive funding through the HSEI program, which
the
Cheyenne
River, Lower Brule and Crow Creek Indian reservations.
is a partnership between the Rita and Alex Hillman Foundation and
Arthur Vining Davis Foundations.
“We hope to have an equal split between Native American and nonNative patients,” Varilek said, noting the needs of Native American
“We want to guide patients through those first tough months of an
advanced cancer diagnosis,” Mollman said. An advanced cancer is one patients will differ from other rural patients. In particular, sessions
that is unlikely to be cured, but can be controlled, sometimes for a long that discuss spiritual needs and the legacy patients wish to leave must
encompass traditional Native beliefs.
time, and therefore managed like a chronic illness, according to the
American Cancer Society. “Treatment can sometimes shrink the cancer,
“It is so important to culturally adapt the intervention. Those
slow its growth, help relieve symptoms and help you live longer.”
adaptations must come from the Native people telling us how they
want
(the sessions) to look to have the best impact and how they want
Other research groups have seen positive results with Project
it
delivered,”
Mollman said, emphasizing that buy-in from patients and
ENABLE (educate, nurture and advise before life ends). Patients who
their
caregivers
is essential. To facilitate this, the researchers plan to
participate in the intervention soon after they are diagnosed have a
consult
with
a
cultural
broker who can help bridge the gap between
one-year survival rate of 63% with an improved quality of life, while
white
and
Native
cultural
perspectives.
that survival rate decreased to 48% among patients who started the
intervention as little as three months later.
In addition, the Avera Cancer Institute’s professionals will give the
researchers insight on how Project ENABLE will fit into their workflow
and which patients they feel can benefit most from the intervention.
Doing more than anticipated
The researchers originally received $50,000 in funding for 18 months,
but Mollman was later notified of the increase in funding and duration
of their grant.
“This is huge—it hasn’t really sunken in,” said Varilek, noting they will
not only be able to adapt the intervention but also do pilot testing to
gauge its potential impact. The data they gather will help them apply
for a larger National Institutes of Health grant.
Sarah Mollman

Brandon Varilek

Opposite: Supportive palliative care can help patients diagnosed with
advanced cancer and their caregivers. South Dakota State University
assistant nursing professors Sarah Mollman and Brandon Varilek are
helping make palliative care more accessible in rural South Dakota
through a two-year, $100,000 Hillman grant. They are the first SDSU
researchers to receive funding through a Hillman Serious Illness
and End-of-Life Emergent Innovation grant.

In addition, Mollman and Varilek received a one-year $10,529 grant
from SDSU’s Research, Scholarship and Creative Activity Challenge
Fund, which will help advance the research. “We want to make sure
this intervention works for these rural, underserved populations,”
Mollman said.
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NIH grant to advance
curcumin formulation for
colon inﬂammation

Hemachand Tummala

A safe, localized treatment for chronic inflammation in the intestinal
tract will move one step closer to helping patients reduce their
risk of developing colon cancer, thanks to a three-year, $433,000
National Institutes of Health grant awarded to professor Hemachand
Tummala of the Department of Pharmaceutical Sciences.
Current treatments for inflammatory bowel diseases, such as
ulcerative colitis and Crohn’s disease, can have deadly side
effects and inconsistent results. Therefore, Tummala said, “there
is an urgent need for safer, targeted therapeutics that deposit
the medication in the intestinal tract.” He and his research
group developed a patented formulation that releases the anti10

inflammatory power of curcumin in the colon, reducing inflammation
and even healing sores or ulcers during proof-of-concept testing in
mouse models.
Through the NIH grant, Tummala will continue working with Dr.
Amar B. Singh, a gastrointestinal biochemist and professor at the
University of Nebraska Medical Center and a researcher at the Fred
and Pamela Buffett Cancer Center in Omaha, to perform preclinical
testing on the specialized formulation, known as Ora-Curcumin S. The
researchers will evaluate the formulation’s effectiveness in multiple
mouse models of inflammatory bowel disease. SDSU will receive
about $260,000 through the NIH project.

“In my conversations with the clinicians who have firsthand
experience with IBD patients, I have found that the use of curcumin
for these patients is considered very good. My partnership with
Dr. Tummala is taking the right step toward realizing this ‘bench-tobedside’ goal. I am excited about the forward-going prospective of
our collaboration,” Singh said.
Colon cancer is the second-leading cause of cancer deaths among
American men and women combined, according to the Centers for
Disease Control and Prevention. Furthermore, colorectal cancer is
now the leading cause of cancer death among Americans under age
50, according to the NIH National Cancer Institute. Half of these
young adults with colorectal cancer have a chronic condition that can
cause inflammation of the gut.
Most patients with inflammatory bowel diseases are diagnosed in
their 20s and 30s, according to CDC statistics. Therefore, developing
effective ways to reduce or manage inflammation could be lifechanging for these patients and also reduce their colon cancer risk.

Unleashing curcumin’s anti-inflammatory power
Curcumin is the main component in turmeric, the yellow spice that
flavors Indian curry, and is a safe, potent natural anti-inflammatory,
Tummala explained. However, accessing the anti-inflammatory benefits
of curcumin is difficult because it does not dissolve in water, therefore
the body cannot absorb it.
Using Food and Drug Administration-tested polymers, Tummala and
his research group were able to make curcumin 2,000 to 3,000 times
more soluble and stable in water. In addition, the Ora-Curcumin S
formulation dissolves only when it reaches the latter parts of the
intestine including the colon.
“The formulation does not let any curcumin into the blood and releases
it only in the lumen of the colon for localized treatment,” he said.

These images show the binding power of the Ora-Curcumin S
formulation in healthy mice (A) and those with ulcerative colitis
(B). The red portions signify how the formulation attaches, or
binds, to the sores or ulcers in the inflamed colons.

Through thorough preliminary studies, Tummala and Singh found
healthy mice that began receiving the Ora-Curcumin S formulation
two days before being subjected to a chemical that causes symptoms,
such as ulcers, bleeding and diarrhea, similar to those of ulcerative
colitis patients, had less colon damage and inflammation. Results were
published in the Journal of Controlled Release.

Strengthening submission
Further testing through a $14,537 SDSU Research, Scholarship and
Creative Activity Challenge Fund grant helped Tummala strengthen the
NIH grant proposal.
The formulation worked on healthy mice, but that did not provide an
accurate representation of a patient, Tummala explained. Therefore,
he and Singh tested the curcumin formulation on mice with ulcerative
colitis. They saw the curcumin formulation actually attached to the
sores or ulcers in the inflamed colons.
“When the formulation dissolves, the polymer sticks to or coats the
ulcers,” Tummala said. “It’s like applying an ointment in the colon.”
In addition, the researchers compared the effects of unformulated
curcumin and Ora-Curcumin S at lower dosages than the original
proof-of-concept study. “We found dosages (of Ora-Curcumin S)
three to 10 times lower than what others have previously reported for
curcumin to be effective,” he said. “These experiments enhanced our
grant potential and the investment reaped major benefits.”
Another major goal of the grant is to enhance research exposure and
training for students from South Dakota. Two Ph.D. students and
multiple undergraduates will work on the project receiving training in
biomedical and drug discovery research.
Tummala concluded, “This NIH project will not only establish a
pathway, for the first time, for clinical testing of this local therapy of
curcumin, but also advance a novel inflammation-targeted delivery
technology for other drugs to treat inflammatory bowel disease.”

Colonoscopies of healthy and diseased colons are positioned alongside the colons of mice who began receiving the
Ora-Curcumin S formulation two days before being subjected to a chemical that causes ulcerative colitis symptoms.
Those receiving the localized curcumin treatment had less colon damage and inflammation.
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Rosemary compound may
help postpartum dairy cows

The first week after calving dairy cows can produce anywhere from six to 10 gallons of milk
a day, but they often do not eat enough to get the nutrients needed to keep up with milk
production. A natural antioxidant, anti-inflammatory compound found in rosemary plants
may help cows transition from being pregnant to full-on lactation.
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Rosemary and dairy cows could be a winning combination.

Promising initial results

A natural antioxidant, anti-inflammatory compound found in rosemary
plants can improve milk production and possibly help dairy cows
weather the stressful post-calving period, according to a small
Department of Dairy and Food Science pilot study led by graduate
student Tainara Michelotti.

Cows that received a daily IV
infusion of carnosic acid for
three days after calving produced
around 9.9 pounds more milk
per day—a gallon of milk is 8.6
pounds. That milk also had a
higher protein yield than the milk
from the control group.

“The transition time involves drastic changes in metabolism and
physiology as the animal goes from being pregnant to full-on lactation,”
said assistant professor Johan Osorio, who oversaw the study. Within
the first week after giving birth, cows can produce anywhere from six
to 10 gallons of milk per day. “That’s a lot for the body.”
An estimated 75% of the health issues in adult cows occur within
the first month after calving, according to an article in the Journal of
Dairy Science. The productive life of a dairy cow is, on average, three
to four years, so minimizing problems during the transition period
can help improve longevity—and the producer’s bottom line.
Carnosic acid, which is relatively abundant in rosemary leaves, has
shown high antioxidant activity in human and mouse studies. However,
this is the first time the compound has been tested in dairy cows.
Initial study results were published
in the September issue of
Antioxidants journal, a special
edition on Gestational
and Lactational Redox
Signaling and
Oxidative Stress in
Dairy Cows.
The study was
supported
by U.S.
Department
of Agriculture
Hatch funding
through the
South Dakota
Agricultural
Experiment
Station. In addition,
Osorio and Michelotti
received $5,000
in SDSU Research,
Scholarship and Creative
Activity Challenge Fund for
the research. The RSCA funding
gave Michelotti, who completed her
master’s degree in December, the unique experience of getting and
administering a grant.

When cows are going through
Johan Osorio
this transition, they typically
do not eat enough to get the nutrients needed to keep up with milk
production. Therefore, to sustain this output, the body pulls out
energy from fat reserves, known as lipid mobilization, and puts them
into the mammary glands to produce milk.
That comes at a cost to the animal. Osorio compared the lipid
mobilization that occurs when cows metabolize stored fat to what
happens to people who are diabetic when their bodies cannot produce
enough insulin. The buildup of excessive fat in blood and in the liver
can lead to a condition called ketosis.
However, analysis of blood samples suggests the cows that received
carnosic acid were able to cope with increased milk production without
increased liver damage and risk of health disorders, such as ketosis.
The pilot study results “demonstrate that carnosic acid promotes
positive responses on inflammation and oxidative stress biomarkers.”

Further analysis needed
The liver plays a key role in energy metabolism for postpartum cows.
“When cows have a bad transition, it usually comes down to the liver,”
Osorio said. Consequently, follow-up work is being done to study how
liver cells respond to carnosic acid.
“We are growing liver cells, incubating them with the rosemary extract
and then challenging them with an oxidative agent,” he explained.
Oxidative stress is one of the challenges in transition cows.
The follow-up data and the pilot study results will be used to apply for
USDA funding for a larger study to confirm the initial findings. Both
the dosage and the timing of the carnosic acid infusions may also be
variables to examine in future studies.
Integrating rosemary leaves or powders into animal feed may be
possible. However, Osorio said, “We must determine the half-life of
the actual compound in the rosemary plant and how long it will last in
the cow to help determine how much the animal must consume.”
Another research group integrated 10 to 20% rosemary plants into
the diets of dairy goats and found carnosic acid in the milk and the
blood of their offspring. That suggests what is good for the cow might
also be good for the calf and for human consumption.

Graduate student Tainara Michelotti of Curitiba, Brazil, checks the growth of liver cells
she will use to further evaluate how carnosic acid, which is abundant in rosemary
leaves, may help reduce oxidative stress and thereby help dairy cows weather the
stressful post-calving period.
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Precision ag research initiative
to build innovation ecosystem
Using precision agriculture and natural resource data to increase
the efficiency, profitability and sustainability of crop and livestock
production—that vision is driving research initiatives to build an
ecosystem to fuel innovation that benefits the state’s largest industry.
The momentum and excitement surrounding the Raven Precision
Agriculture Center, which opened in fall 2021, has triggered even
broader support for precision agriculture across the region, according to
Distinguished Professor William Gibbons, associate dean for research
for the College of Agriculture, Food and Environmental Sciences and
director of the South Dakota Agricultural Experiment Station.
The precision agriculture research summit Nov. 4 brought together
stakeholders and researchers from multiple colleges within the
university and SDSU Extension to discuss three cross-disciplinary
initiatives—to refine agricultural data, to manage water and, finally,
to address cybersecurity issues in partnership with Dakota State
University (see details on page 15).
“We are collaborating with industry to design the future of what we
want precision ag to look like in this world-class facility,” Gibbons said.
Private-sector partnerships will not only inform and support research
but also help commercialize innovations.
In addition to the integration of the departments of agricultural
and biosystems engineering and agronomy, horticulture and plant
science faculty within the building, Gibbons said, “We are already
seeing the formation of multicollege teams to develop innovations
that will benefit stakeholders.”
Those teams include experts in computer science, data science,
electrical and mechanical engineering and mathematics from the
Jerome J. Lohr College of Engineering and geographic information
systems and biology and microbiology from the College of Natural
Sciences. The research projects apply precision technologies to
cropping systems, livestock systems and conservation of natural
resources that also affects wildlife.

Building on current research
The research summit acquainted attendees with precision ag projects
that have the potential to help livestock and crop producers, while
enhancing natural resources. “The summit was an effective mechanism
to network with stakeholders about future research and development
opportunities that will benefit South Dakota,” Gibbons said.
Researchers in animal science and natural resource management
described a technology called a virtual fence that can benefit ranchers.
Assistant professor and SDSU Extension livestock grazing specialist
Jameson Brennan of SDSU’s West River Research and Extension
center in Rapid City, installed two virtual fence base stations at the
Cottonwood Research Station. Last summer the research team, which
includes assistant professor Hector Menendez and assistant professor
and SDSU Extension range specialist Krista Ehlert, outfitted yearling
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steers with virtual fence collars to compare the impact of continuous
versus virtual rotational grazing on animal behavior and grazing
distribution. The researchers will also use the technology to exclude
cattle from environmentally sensitive areas, such as riparian zones, to
improve wildlife habitat.
“Virtual fence technology has the potential to revolutionize how we
manage natural resources on the landscape by allowing producers
to essentially draw pasture boundaries,” Brennan said. This can give
ranchers tremendous flexibility in implementing rotational grazing
systems without added water and fence infrastructure or labor
required to move animals or poly wire fences. It can also be coupled
with remote sensing or grazing models to optimize where and when
to rotate animals across the landscape to better capture nutrient
availability and reduce areas of overgrazing.

Looking to future technologies
Professor Alexander “Sandy” Smart, SDSU Extension agriculture
and natural resources senior program leader, shared how tools
under development have the potential to enhance animal and plant
production in response to a changing climate. “Climate-smart
technologies are a way to make better predictions about weather
and pest situations for crop and livestock production,” he said.
When conditions are conducive for pests, technologies, such
as sticky cards combined with artificial intelligence software or
drones that collect insects, can estimate pest populations to alert
producers to apply insecticides when the population reaches a
specific threshold.
The improved SDSU Mesonet system
can provide accurate temperature and
precipitation estimates, as well as soil
temperature and moisture from sensors
embedded in fields. This data can be
integrated into sophisticated models
developed through satellites and global
weather station networks to predict
continental weather patterns, which
can, for instance, move insects
from the southern region to the
northern Great Plains, Smart
explained. Better predictive tools
could have helped producers
prepare for natural events, such
as the 2013 Atlas blizzard, 2019
flooding and the 2021 drought.
“We are using data to inform producers
about what they can do today to help
them prepare for what’s coming in the
future,” Gibbons said.

In addition, associate professor Songxin Tan of the Department
of Electrical Engineering and Computer Science described how an
emerging remote sensing technology called polarimetric LiDAR,
which can be mounted on a drone, may allow farmers to track the
growth of their crops from their home offices. The technology
uses laser beams to produce real-time 3D images through which
producers can decide when and where they need to apply water or
chemicals, such as fertilizer, pesticides or fungicides.
“The (LiDAR) data can provide enhanced capabilities to characterize
vegetation, complementing data from Earth-observing satellites,
such as Landsat,” Tan said.

Precision ag uses
three-pronged
approach

Innovating through unique perspectives
“We are bringing together people with very different skillsets who
have unique perspectives and ideas that will create an innovation
ecosystem to solve problems,” Gibbons said.
“Business professor and author Oren Harari noted that ‘the electric
light did not come from the continuous improvement of candles,’ ”
Gibbons continued. “It took someone coming at the challenge from a
completely different angle, without preconceived ideas about how to
solve the problem. That unexpected, unanticipated angle can often
result in a transformative solution. This is the type of environment
we are creating in the Raven Precision Agriculture Center.”

The College of Agriculture, Food and Environmental Sciences
has organized its efforts to transform the wealth of agricultural
data into decision-making tools for producers into three major
research initiatives aimed at refining the data, managing water
and keeping the data secure.
The Institute for Data Refining focuses on translating the raw
data from sensors on machinery, in the soil and on drones and
satellites into organized datasets that can be used to create
valuable predictive tools. This will involve an interdisciplinary
team of researchers from the College of Agriculture, Food and
Environmental Sciences and the Jerome J. Lohr College of
Engineering.
As part of this effort, multiple universities and companies in
the agricultural industry will come together with stakeholders
through the Precision Ag Industry University Cooperative
Research Center. This creates a pathway to form collaborative
teams to set priorities, select projects for funding, review results
and assist with commercialization of innovative technologies.
The Precision Water Management Program will bring experts
from the South Dakota Water Resources Institute, the SDSU
Mesonet System and the Jerome J. Lohr College of Engineering’s
Water and Environmental Engineering Research Center together
with the College of Agriculture, Food and Environmental Sciences
researchers to manage water more efficiently, thereby reducing
runoff and protecting the state’s lakes and streams.
Finally, recent cyberattacks that have crippled other industries
could also have serious implications for precision ag. Therefore,
protecting the integrity of the data upon which researchers,
companies and producers rely will be accomplished through
a Precision Ag Cybersecurity Program in partnership with
Dakota State University’s Beacom College of Computer and
Cyber Sciences.

Steers at the Cottonwood Research Station have been fitted with virtual fencing collars
to compare the impact of continuous or virtual rotational grazing on animal behavior
and grazing distribution.
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POET Bioproducts Institute to
transition research to marketplace
A new laboratory will bring researchers from South Dakota State
University and South Dakota Mines together with industry partners
to transition bench-scale bioprocessing and bioproducts research to
the marketplace.
The POET Bioproducts Institute “will provide structure and simplicity
for private enterprise to collaborate with university scientists to
develop products,” according to SDSU Vice President for Research
and Economic Development Daniel Scholl.
Mines Vice President for Research Ralph Davis said, “The vision is to
move existing research at the two universities to a higher level with
our industry partners and to do final proof-of-concept work that will
show commercial viability.”
To facilitate those public-private partnerships, the specialized lab
will be built in the Research Park at SDSU and will be managed by
a newly established not-for-profit organization, Dakota Bioproducts
Innovation Institute.
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Legislative, stakeholder support
The 45,000-square-foot facility is made possible through $20 million
in legislative funding, $5 million from POET and $2 million from South
Dakota Corn. Furthermore, the South Dakota Soybean Research and
Promotion Council will provide $500,000 annually for five years—a
total of $2.5 million—and the state committed a yearly $500,000 for
operational costs.
“We want to acknowledge the South Dakota Legislature and the
Governor’s Office and our industry partners and stakeholders who
have invested in this facility and share our vision of many benefits this
can bring to our state,” Davis said. A request has been submitted to
the U.S. Economic Development Administration for $3 million to help
with the purchase of specialized equipment.

Building on universities’ strengths
Based on recommendations from an international bioscience
consulting team, Scholl and Davis chose two specialization areas:
specialty animal feeds, specifically prebiotics and probiotics that
have the potential to reduce the need for antibiotics, and biomaterials,
including bioplastics that are degradable.
“These are the areas we judged to have the highest likelihood of
success,” Scholl said, pointing to the state’s abundant supply of
agricultural feedstock.
SDSU’s strengths are on the feedstock and preprocessing side as
well as the downstream animal feed testing trials. “Our established
research relationships with the feed industry also create a lot of
potential as well as our connection to producers through SDSU
Extension,” Scholl said.
Mines is strong on the bioprocessing side, developing biomaterials
through two centers begun through state funding.

Minibioreactors, with green caps, allow researchers in associate veterinary and
biomedical sciences professor Joy Scaria’s lab to determine which bacteria species
are most effective at preventing diseases in weanling pigs. These are then combined
into probiotic mixes that will reduce the need for antibiotics during the transition from
suckling to a dry feed diet.

The Composites and Polymer Engineering Lab, or CAPE Lab, was
founded in 2004 and develops advanced polymers and composite
processing. The Composite and Nanocomposite Advanced
Manufacturing – Biomaterials Center, or CNAM-Bio, was launched
in September 2018 and is housed within CAPE. CNAM-Bio seeks to
meet the need for sustainable polymers and strong, multifunctional
biocomposites and bionanocomposite structures.
“We have processes and products ready to move to the next level,
which we cannot do within our facilities,” Davis said. “The bioproducts
laboratory will be equipped to accommodate the right volume that
industry needs to show a technology can be commercialized.”
Scholl concluded, “We are creating a growth industry for our
graduates, diversifying the South Dakota economy and adding value
to agricultural products.”

The POET Bioproducts Institute will play an essential role in scaling up technologies,
such as a probiotic mixture for weanling piglets developed by associate veterinary and
biomedical sciences professor Joy Scaria and his research team. Doctoral student Seidu
Adams uses a drip flow system, which mimics the gut lining, to isolate and test gut
bacteria that can potentially be used in probiotic mixtures.

FY21 research expenditures at $51.5 million
Funding Sources FY2021

Colleges and Research Centers FY2021
60000000

University
Other
For Profit

$52,531
$15,865,125
$1,303,506

State

$15,712,747

Federal

$18,605,746

Agriculture, Food and Environmental Sciences $35,907,755
50000000

Arts, Humanities and Social Sciences

$1,471,416

Education and Human Sciences

$1,267,017

40000000

Jerome J. Lohr College of Engineering

$4,086,354

Natural Sciences

$5,644,324

30000000

Nursing

$315,231

Pharmacy and Allied Health Professions

20000000

$1,736,221

Academic Affairs

$14,524
10000000

$51,539,655

Division of Research and Economic Development $1,069,012
Division of Technology and Security

$27,801
0
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